Wool is one of the most important animal fibers in the textile industry and the 1 1 diameter directly affects its economic value. However, the molecular mechanisms 1 2 underlying the wool diameter have not been fully elucidated. In the present study, 1 3 high-throughput RNA-Seq technology was employed to explore the skin 1 4 transcriptome using 3 sheep with fine wool (fiber diameter, FD<21.0μm) and 3 sheep 1 5 with coarse wool (fiber diameter, FD>27.0μm). In total, 28,607,228 bp clean reads 1 6
Sheep (Ovis aries) is a predominant domestic animal providing not only meat 1 4 and milk but also wool. Wool is a distinguishing feature of sheep compared to other 1 5 farm animals, and its biology has been the focus of much research. Wool is one of the With rapid development of molecular biological techniques, especially the 1 1 Next-generation sequencing, large-scale gene expression detection becomes possible. gain better understanding of molecular mechanisms controlling wool fiber diameter, 1 9 global gene expression profiles in skin of sheep with coarse wool versus fine wool 2 0
were explored. The results showed that wool fiber diameter is associated with lipid 1 0
The experiment was conducted following the Guidelines on Ethical Treatment RNA from the two groups was extracted using Trizol reagent (TaKaRa) 1 6 according to the manufacturer's instructions, and the purity and degradation were Poly(A) mRNA was isolated from total RNA using oligo(dT) magnetic beads 2 0 (Illumina). Fragmentation buffer was added to disrupt the purified mRNA into short 2 1 fragments. Using these short fragments as templates, first-strand cDNA synthesis was 2 2 performed using random hexamer primers and reverse transcriptase (Illumina). 1 Second-strand cDNA was synthesized using RNase H (Illumina), DNA polymerase I 2 (Illumina), dNTPs and buffer. These cDNA fragments were subjected to end repair 3 process and ligation of adapters. These products were purified and enriched with PCR 4 to create the finally cDNA library. The library preparations were sequenced on an 5
Hiseq 2000 platform and 100 bp paired-end reads were generated.
6
Sequence preprocessing and functional annotation 7 In order to obtain clean data, all sequenced raw data were processed including 8 removing the adapter, filtering the low quality reads and the proportion of N more 9 than 10% using an in-house Perl script. Then, all filtered data were mapped to the 1 0
sheep genome (V 3.1) using Tophat2, with no discordant and mixed. Unique mapped 1 1 reads were kept to estimate the gene abundances in the downstream analysis.
2
Reference guided transcriptome assembly, which compensates incompletely 1 3 assembled transcripts, was performed by Cufflinks with bias correction for each 1 4 sample, and then merged into a single unified transcript catalog using Cuffmerge 1 5 discarding isoforms with abundance below 0.1 in order to remove the low-quality 1 6 transcripts. As well, differently expressed genes were estimated by Cuffdiff using To explore the functional annotation and pathway enrichment of those 2 0 significantly different genes interactive between the fine and coarse wool, the on-line was used as template to synthesize the first-strand cDNA using a PrimerScript RT internal reference to eliminate sample-to-sample variation. The relative gene 1 5 expression levels were calculated using the 2 −ΔCt method. The differential expression 1 6 genes between fine and coarse wool skin samples were analyzed by GLM using SAS 1 7 software 9.0. Results 2 0
Skin transcriptome profiling of differential diameter Table S1 ). Among these, there were several well-known genes affecting skin
Differential gene expression between two groups for fine wool and coarse wool 1 2
Using Cuffdiff methods [9], the differential gene expression profile between the 1 3
Erdos fine wool sheep with large and small fiber diameters were examined. In total, 1 4 467 expressed genes were detected as significantly different on the basis of the genes were upregulated in the sheep with small fiber diameter; the other 446 genes 1 7 showed higher expression in the sheep with coarse wool (Figure 1 and Table S2 ).
8
The reliability of the RNA-Seq data and the sampling accuracy of the skin tissue used in this study were confirmed by qRT-PCR of 13 randomly selected genes. The confirming the high reproducibility of RNA-Seq data in this study ( Figure 2 and Table   3 S3). (Table 2) . In addition, a pathway analysis of the 467 differentially expressed genes, using 2 GSEAv2.1.0, was also performed. The KEGG pathway involving "metabolism of 3 lipids and lipoproteins" was significantly enriched. In total, 16 genes (GNPAT, LPIN2, 4 CHKA, PLD2, PLA2G3, SMPD2, UGCG, PIP4K2A, ACOT8, SLC25A17, NCOR1, 5 FABP6, HSD11B1, STAR, FABP4 and SLC25A20) were found to be involved in the 6 metabolism of lipids and lipoproteins pathway were significantly related to fiber 7 diameter (P<0.01) ( Table 3) . hair lipid composition, structural arrangement and physicochemical properties. with the structure of keratin fibers, which may influence in the texture of the hair or metabolism has close relevance to wool synthesis, and may even affect wool traits.
1 5
In the present study, the gene expression profiles of sheep skin with fine and 1 6
coarse wool were compared. There were 467 differentially expressed genes detected,
and a large proportion of these genes were enriched in several significant GO 1 8 processes related to lipid metabolism and a number of genes were found to be 1 9
involved in the metabolism of lipids and lipoproteins using KEGG pathway analysis.
0
These findings, together with previous studies, suggest that lipid metabolism may be 2 1 an important mechanism affecting wool synthesis and properties.
4
The phospholipase gene family encodes enzymes that hydrolyze phospholipids tissues, and two transcript variants encoding different isoforms have been found for 1 2 this gene [32] . In addition to the common roles of the phospholipase gene family, 1 3 PLD2 has been also discovered recently to catalyze a transphosphatidylation reaction 1 4 to produce a phosphatidylalcohol, a potential lipid messenger regulating keratinocyte transcriptional regulation, and/or regulated secretion. independent physiological roles. Lipin2 (LPIN2) is expressed in many tissues 1 5 including liver, kidney, brain, and lung [50] . Several missense mutations in LPIN2 This study has greatly expanded our comprehension of molecular mechanisms 1 7
affecting wool properties particularly wool fineness and potentially human hair pathways between the two groups with different wool fiber diameters that may be 2 0 related to wool fineness. These findings provide a better understanding of wool 2 1 physiology and will be useful for identification of genes associated with wool 2 2 and lipid metabolism in genetically obese mice lacking aP2. Endocrinology 141: 3388-3396.
